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W TH A CAPACI TOR BACKGROUND The i nven Iﬂmmmwﬁ'mmm to an inted@htsed 2pg cuit
package haviypgogy7gaaci tor. 5 Decoupl for exa used
to filter noise that is produced in conpun@myC|rCU|ts by |ndggﬁﬁ§gﬁéﬁ
capacitive parasitics of power supplies. Decoupllng capacitors al so may be

used to danpen power system_transients, for e, volta e overshoot or
droop that 10 OCCLNE;Q%ﬁﬁ$A§EBrSE§gE6T PACKARR W#ﬂﬁw %@ﬂ up.

Decoupling capacitors also are used to provide suppl errent al current to a

die's "hot spots", localized portiongac®crausbrcuit die that require | arge
anopunts of current. 15 A decoupling capacitor S response time to a power

systemtransient may be limted by inpedance (e.g., inductance and

resi stance) bet \/\B’E‘P\et%"%{e@@j’pl’?eﬁ@t@ép’é& ?Brln%erﬁfattﬁé G 8Cv Pe cRAMIAISg

capacitors may be surface nmounted to a
having a capacitor.

5 Decoupling capacitors, for example,.are used to filter
noise that is produced in computer circuits by inductive and
capacitive parasitics of power supplies. Decoupling
capacitors also may be used to dampen power system
transients, for example, voltage overshoot or droop that

10 occurs when a processor is shut down or powered up.

Decoupling capacitors also are used to provide
supplemental current to a die's "hot spots", localized
portions of a circuit die that require large amounts of

current.

15 A decoupling capacitor's response time to a power
system transient may be limited by impedance (e.g.,
inductance and resistance) between the decoupling capacitor

and the die.

Decoupling capacitors may be surface mounted to a
20 package upon which a die is mounted. Industry trends are
directed to reducing device sizes and increasing packaging

densities. Therefore, the amount of package real estate
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20 package upon which a die is nmounted. Industry trends are directed to
reduci ng devi ce sizes and increasi ng packagi ng densities.

e , the
amount of wepek@eesyr eal estate WO 02/ 078054 21 SEP 2005 I?,%}// QpiPg144
avai l abl e to surface nmount capacitors is becom ng increasingly small.

SUMVARY According to a first aspect of this invention, there is provided

an appar agysi Bshi1defd negd fakeChalbm leafadi®appendedoshiagns. According to a
second aspect of this invention, there is provided an apparatus as defined

inclaim NG f9i@ third aspect of this invention, there is
provi ded %ﬁcﬁﬁ%%%fis 2etldefined in claim27. BRI EF DESCRI PTION OF
DRAWNGS FIG 1 is a cross-sectiong]_view of a die nounted to a package

with a capacitor. FIGS. 2A - 2B ar Uﬁgﬂfﬁgﬁtive views of capacitors. FIG
3 is a perspective view of a capacitor in a package. FIG 4 is a sectional
pl an vi ew of aAjsatdiagto & Erat aspsctraf thinimventibe, theneds provided aklagpardtus as a
sectional plan view of a package contai ning
defined in claim 1 of the appended claims.
According to a second aspect of this invention, there is provided an apparatus as
defined in claim 13.
According to a third aspect of this invention, there is provided an apparatus as

defined in claim 27.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view of a die mounted to a

package with a capacitor.
FIGS. 2A - 2B are perspective views of capacitors.

FIG. 3 is a perspective view of a capacitor in a

package.

FIG. 4 is a sectional plan view of a package containing

multiple capacitors.

FIG. 5 is a sectional plan view of a package containing

‘multiple capacitors.

DETAILED DESCRIPTION

As shown in FIG. 1, a package 32 has a first side 38

and a second side 40. A die 30 is mounted on the first side



mul tiple capacitors. DETAILED DESCRI PTION As shown in FIG 1, a package 32
has a first side 38 and a second side 40. A die 30 is nmounted on the first
side 2 2 1 SEP 2005 38 of the package 32. The die 30 includp$ gEpsiigcon or
ot her sem conduct or substrate on which both active and passive conponents
of an integrated circuit nmay be fabricated. The die 30 is supported by and
electrically connected to vias 36 in the package 32 by die bunps 34,

whi ch serve 38s o€l eber paakagorgzact TheOdher 3¢l entluded 2as 2l &P 02005 WO
02/ 078054 PCT/ US02/ 04144 connections may be used instead of die bunps 34,
such as W peserVianidbndassod RiBegRatBeonagkage - rankighrCtarigcal |y
connect the die bunps 34 to contacts 12 on a capacitor 10 inside the

package 32. ésyﬂeecé&ﬁi%ﬁé}{tslgfcﬁﬂ bgte N%Pété‘daé‘ﬂ'cﬁn@n{a@’vﬂees' stance, |ow
i nduct ance, nultl-layer ceramic chip ( capaci tor The interna

struct ure ol MEL, £apact iy Efeyabcglglgu,]bg&%ypl Sy [Bid Il qandyst) ve | ayers

i nsul ated from each ot her ach | ayer Y connect & all of the

contacts 1208nnected to vias 36 in the package 32 by die bumps 34,

which serve as electrical contacts. Other electrical
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10 capacitor 10 having a given polarity. Adjacent conductive |ayers are
typically connected to opposite polarity contacts. The capacitordﬁg may
have an industry standard form factor which identifies a céﬁbéﬁ? -3
geonetric size, shape, 15 and weight. O her types of capacitors may be
used. Hol esW&®/ W8S cal |y drilled through the package 32 naP€TU&2/04Thie
walls of the holes may be plated with netal and filled wth non-conductive
epoxy to create the vias 36. Alternatively, the holes may be conpletely
filled witlEopoecsaanet e hatesedl ingddesiedinelyiRg 6. U ¢fas 36
provi de conductive paths for the flow of current through the package 32.
The capaci tdres0 c¥haBadé Pass eorauah $he2baakege B3 dfand \gdesitgésadsy shown,
for a total of eight contacts. Each 3 21 SEP 2005 WO 02/ 078054

PCT/ US02/ 04btbestnthet die konps el €l e sgaigcsfiel dfon vib Hingesd t2@, 194 of
capacitor 10 (see FIGS. 2A and 2B). The contacts 12 also partially span
t he top surifrmdelel4handatheg®od? om surface 16 of the capacitor 10. 5 The
portion 15 of each contact 12 that spans the side surfaces 20, 24 are

paralle% to theT&Er%gpQgEEggeléléga:ﬁ%, for example, a low resistance,

low inductance, multi-layer ceramic chip (MLCC) capacitor.
The internal structure of MLCC capacitors typically includes
multiple conductive layers insulated from each other. Each
layer is typically connected to all of the contacts 12 on a

10 capacitor 10 having a given polarity. Adjacent conductive
layers are typically connected to opposite polarity

contacts.

The capacitor 10 may have an industry standard form
factor which identifies a capacitor's geometric size, shape,

15 and weight. Other types of capacitors may be used.

Holes are typically drilled through the package 32
material. The walls of the holes may be plated with metal
and filled with non-conductive epoxy to create the vias 36.
Alternatively, the holes may be completely filled with
20 conductive material to create the vias 36. The vias 36

provide conductive paths for the flow of current through the
package 32.

The capacitor 10 can have four contacts 12 on each of
two sides as shown, for a total of eight contacts. Each
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next to the die bunps 34 and the second package side 40 next to package
bunps 42. The package bunps 42 are electrical contacts that serve as
connection points for power sources 10 Vss and Vcc:. O her cqppgggi &b
connections, for exanple, wires nmay be used in place of the pa g@ unps
42. The suwioal2m7805¢a of the portion 15 of each contact 12 paftuseRediss one
of the side surfaces 20, 24 of the capacitor 10 can be greater than the
surface area of the portion 13, 15 17 of the contact 12 that spans either
the top sutdwmicectld Drcompiethayt sparsurdrec @ f18wof sifles capac24 ovf 10. Thus,
multiple vias 36 can termnate at the portion 15 of each contact 12 that

spans a si@dgpssifaca 20se24Fatst hea capheByor The dbhtagte M asls36 can be
connected in parallel to create a 20 |ow inpedance connecti on between each

of the di ephbrims 134 spRachnel tbpes@ofi@actis 33doBhé hsotepacsinfackd 1nd each
of the package bunps 42 as discussed in nore detail wth respect to
Figure 3. 4r 2, SER2QRQ%W0192/ 078054 PCT/ US02/ 04144 Al t hough the
illustrated exanpl € can be used in conplenentary netal oxide sem conductor
(CMOS) applications, other voltages and conbinati ons of voltages nay be

used. Por exanpifte RAFtdaPelbuPhotdch sRRLacETEY LppFi dRdrdnthe side

surfaces 20, 24 are parallel to the first package side 38
next to the die bumps 34 and the second package side 40 next
to package bumps 42. The package bumps 42 are electrical
contacts that serve as connection points for power sources
10 Vss and Vee. Other conductive connections, for example, wires

may be used in place of the package bumps 42.

The surface area of the portion 15 of each contact 12
that spans one of the side surfaces 20, 24 of thé capacitor
10 can be greater than the surface area of the portion 13,
15 17 of the contact 12 that spans either the top surface 14 or
the bottom surface 16 of the capacitor 10. Thus, multiple
vias 36 can terminate at the portion 15 of each contact 12
that spans a side surface 20, 24 of the capacitor 10.
)
Multiple vias 36 can be connected in parallel to create a
20 low impedance connection between each of the die bumps 34,
each of the contacts 12 on the capacitor 10 and each of the

package bumps 42 as discussed in more detail with respect to

Figure 3.



VsS 5 connections and ground connections are nmade to the package bunps 42.
The package 32 illustrated in FIG 1 includes a core |layer 44, four

bui l dup |l ayers 46, two conductive planes 48 .and underfill Wjasg}eﬁ@gsi gn
and arrangenent of the 10 different |ayers and conponents insi t

package can vary. For exanple, the package 32 may contain npre than one
core Iayéyoﬁm%‘qfﬁe core layer 44 is typically a preforrred,PCTr"g?Oﬁgélr“éed,
epoxy material, but may include other nmaterials. The package 32 nmay contain

nore or fewer (]l dup Iayer, 15_46. ,Bui p | ayers 4 re fornmed of a
material siml ﬂ{‘%u&%o It BFgﬁﬁt%%t%ﬁIgéﬁ.e Eﬁ?ﬁlq Jjusep ulgae?}e?us1 46 typically
are not preforned, but are created by flow ng e onto.a eforned core
| ayer 44. SRMBARREREATASTGHt Qixﬁgﬁn%e‘f#lc (?%th% a{)&@éﬁdﬁgp il\}ggéboﬁ%anes 48.
The underfill 50, which surrounds the capacitor 10, may be ag epoxy- based
nmateri al @tdeshBalBegRS radsl SCRRENAEHOL? a‘g i Yt T39I ES MYAPENHS5B i | | ustrat e
exanpl es of capacitors that can be provided in the package 32 as descri bed
above. Th&orsezanskp 200Tane GRrov8654°PeT/ (HB2) (PRd4 cations, Vss

5 connections and ground connections are made to the package

'bumps 42.

The package 32 illustrated in FIG. 1 includes a core
layer 44, four buildup layers 46, two conductive planes 48
and underfill 50. The design and arrangement of the
10 different layers and components inside the package can vary.
For example, the package 32 may contain more than one core
* layer 44. The core layer 44 is typically a preformed,

reinforced, epoxy material, but may include other materials.

The package 32 may contain more or fewer buildup layers

15 46. Buildup layers 46 are formed of a material similar to
core layer 44 material. Buildup layers 46 typically are not
preformed, but are created by flowing epoxy onto a preformed

core layer 44.

A package may contain one or more metal conductive
20 planes 48. The underfill 50, which surrounds the capacitor
10, may be an epoxy-based material and should be resistant
to cracking.
FIGS. 2A and 2B illustrate examples of capacitors that
can be provided in the package 32 as described above. The
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capacitor 10A has a standard formfactor and eight alternating polarity
contacts 12. The term"alternating polarity" nmeans that the polarity of
each contact 12 is different fromthe polarity of adjacentzqogka?y“ 12
For 5 exanple, one contact m ght be connected to a 5-volt power ce and
an adj acentyg@pbhaeks M ght be connected to a ground Connectiﬁﬁnuéﬁwﬁ?ﬁwn in
FIG 2B, capacitor 10B includes fourteen alternating polarity contacts 12.
In this exanple, the end 10 caps 26 and 28 al so serve as contacts.

Capaci t or s gBy. haye 10N e { eWehaeeal 26ks i2-08€ dmy eigave different
rel ati ve spacing between the contacts 12. Adjacent contacts 12 on a single

Cypi cal 1y SF e A oL e e e "o o iapae T o VEoboag 11 of a
mater i al s PREAERG aef b BECRRLERY oSV Rf Y 120hRected o
contact L2 AEETaIm Aarba i BarEy 8t atr ey S Birs S ar aSrngie
package, bz SIETS N ORLRE OO Sl s 38 DB fecagplgg 1
or packagesgggge4§%dfzn adjacent contact might be connected to a |

ground connection.

As shown in FIG. 2B, capacitor 10B includes fourteen
alternating polarity contacts 12. In this example, the end

10 caps 26 and 28 also serve as contacts.

Capacitors may have more or fewer contacts 12 and may
" have different relative spacing between the contacts 12.
Adjacent contacts 12 on a single capacitor typically have
different polarities, and contacts 12 are typically arranged
15 on opposite sides of a capacitor. The body 11 of a
capacitor is typically made of ceramic, but may be made of

other materials.

As shown in FIG. 3, each of the contacts 12 is
connected to three vias 36. Each set of three vias 36
20 begins on one end at a single contact 12 and terminates at
either a single die bump 34 or a single package bump 42.
Generally, one or more vias 36 may be connected in parallel

between each contact 12 on the capacitor 10 and each die

bump 34 or package bump 42.



21 SEP 205 WD 02/078054 PCT/ US02/ 04144 The nexinum nunber of vias 36 that
can be connected in this manner between a particular contact,12 and a
ggrt;ﬁular die bunpf34 or package bunp 42 depends on the si%é ofP Qabh vi a
: e ap n rface area of the contact 12, and the 5 gppas yrface
area of th&aéﬁyﬁpﬁﬂ{ar die bunp 34 or package bunmp 42. The terﬁﬁﬁ@ﬂ%grent
surface area" refers to the surface area of the portion of a contact 12,

die bunp 34, or,pagkage QuUIB¥S: LAty Sebshantédl lne ReRRBAQUERT O
and in the path of one or nore vias 36 that termnate on 10 that point. The

arrangene?hgggoﬁkggFglgggge Eésggfgghdiarr%%gggggl > | AlPe apRpRLepiasurface

e for (ratconrates v ML PR G BHAR 6 FEPR RS G Bacn ™
EE A (el g g
s g SRoBPETe pasae s Lo 4260 e e o
gfigrggf:CzﬂﬂﬁﬁzfgﬁPif??euﬁgg?f? Pﬁéﬁf %&Fﬁiﬁfaﬁﬂ?&?ﬂ%%%@ “Teterial 44.
Avernatvely et al <u/pe g2 iy be (ot giceclly, on dhe ote. et a

capacitors,
the surface area of the portion of a contact 12, die bump

34, or package bump 42 that is substantially perpendicular

to and in the path of one or more vias 36 that terminate on
10 that point. The arrangement of FIGS. 1 and 3 provides a

relatively large apparent surface area for the contacts 12.

Thus, more vias 36 can be terminated at each contact 12.

As shown in FIG. 4, a package 32A contains multiple
capacitors 10K, 10L ... 10Z arranged side-by-side. Any

15 number of capacitors 10K, 10L ... 10Z can be configured as
shown. A die 30, indicated by dashed lines, is mounted

above the package 32A.

The contacts 12 of each capacitor 10K, 10L ... 10Z can
be electrically insulated from the contacts 12 of
20 neighboring capacitors by underfill 50 material and/or core
material 44. Alternatively, metal strips 52 may be formed
directly on the core material 44 and underfill 50 to
electrically connect contacts 12 of adjacent capacitors,
such as shown for capacitors 10K and 10L. Similar

25 connections can be made on the opposite side of the
7



such as shown for capacitors 10K and 10L. Simlar 25 connections can be
made on the opposite side of the 7 WD 02/ 078054 21 SEP 2005 _ PCT/ US02/ 04144
capacitors 10K and 10L. In that way the adjacent capacitors ADKERN2008.0L can
be connect allel. Additional vias 36 nmay be term na tIy
onto the ﬁg% ?lgﬁélp 52. This can further increase the app% &ggéﬁsurface
area avail able for connecting vias 36 to a contact 12. The package

arr angemant:a%%cﬂ:@rs 4 & | Qup l@%pac'.tﬁofﬁat LU tHA adjacd ¥ EQpbeitdned up in
such a way that many capacitors can be fit in a particular size package

32A, and 3ok heLALYSLan [ R-ABRACH T ADGSRAN e obtal ned for

particul ar pac age siI ze shown 1 n 5, alternate enbodi nents may
i nclude capacitors 10 arranged in rows 60A, 60B ... 60K and colums 70A
70B. 15 TheApdtkhomaBimsy 36r vey dee obRImiMatsde ddrecheyf BREQVFRR)

advant ages: hi gher capacitance, |ower inductance and |ower resistance

bet ween poweralupptip cdhned@hieneaanfluntigke orcustaser thar erbkeertectri cal

| oad, and i nproved power system response to power systemtransient events.

5 surface area avallable for connecting vias 36 to a contact
12.

The package arrangement of FIG. 4 allows capacitors
10K, 10L ... 10Z to be lined up in such a way that many
capacitors can be fit in a particular size package 323, and

10 a relatively large capacitance can be obtained for a

particular package size.

As shown in FIG. 5, alternate embodiments may include

capacitors 10 arranged in rows 603, 60B ... 60K and columns
70A ... 70B.
15 The package 32 may provide one or more of the following

advantages: higher capacitance, lower inductance and lower
resistance between power supply connections and a die or
other variable electrical load, and improved power system

response to power system transient events.

20 Improved power system stability and better overall

| power integrity can be achieved. The package also may

provide large values of capacitance in relatively small
spaces. Smaller components can be manufactured, resulting

in a more efficient use of space.

8



20 I nproved power systemstability and better overall power integrity can
be achi eved. The package al so may provide |arge values of capacitance in
relatively small spaces. Smaller conponents can be manuf acglfrﬁﬂa zﬁngsul ting
in a nore efficient use of space. e WD 02/ 078054 21 SEP 200

PCT/ US02/ 04woP2nR9Spackage 32 can provide relatively | ow equRGEHVER{0414er i es
i nductance (ESL) and relatively |ow equival ent series resistance (ESR)

conductive paths between a capacitor and a _di ﬁg iti onal.lvé t he cost per
ity ALL

. £.
unit of capacitdheerpaade ¥ reduPsqvpatatittabive 199 t of

material needed to provide a particular capacitance. Furthernore,
manuf act ur i $rEiese ipdorbarcs2(Bdn Bad refativetly Shieiyédsnse SEhe®Package
can incorporate industry standard, readily avail able conponents. 10 O her
i npl enent at Fesis taneewi( EBRh cordusidiye oRrthAeLEBITIN hFanasiter §r812SEP 2005
WD 02/ 078054 PCT/ US02/ 04144 What is clained is:

die. Additionally, the cost per unit of capacitance may be

5 reduced because of the smaller amount of material needed to

provide a particular capacitance.

Furthermore, manufacturing the package 32 can be
relatively simple because the package can incorporate

industry standard, readily available components.

10 Other implementations are within the scope of the

following claims.



1. An apparatus conprising: a package having a first surface and a first

external conductive contact exposed at the first surface; 5 a capacitor

i nsi de the package, the capacitor having a first conductive @InSBEet2005

exposed at 3%§i surface of the capacitor, a first portion of the first
ohio

conductive *%panning a width of the first surface of PABUSREHL4 or

the first surface of the capacitor being substantially parallel 10 to the
first surface of the package; and a first conductive path connecting the
first portiwmaofis tdiaifedstisconducti ve contact of the capacitor to the
first external conductive contact. 15 2. The apparatus of claiml
.conprising iirst conductive gaths connecting in parallel the first portion

of the first® cAHFERATETESNEREPT6F EPe capacitor to the first externa

conductive contact. 20 3. The apparatus of claim 1l conprising a second
conductive paths goathecid mavihe ki Estspostitacofadidien fiirst eandusdi ve
contact of the capacitor to a first external conductive 10 21 SEP 2005 WO

02/ 078054 cont@cdt @yesatadl axpesendasuchaces ot thermackage PCT/ US02/ 04144
substantially parallel to the first surface of the package.

5 a capacitor inside the package, the capacitor having a
first conductive contact exposed at a first surface of the
capacitor, a first portion of the first conductive contact
spanning a width of the first surface of the capacitor, the
first surface of the capacitor being substantially parallel

10 to the first surface of the package; and

a first conductive path connecting the first portion of
the first conductive contact of the capacitor to the first

external conductive contact.

15 2, The apparatus of claim 1 comprising first conductive
paths connecting in parallel the first portion of the first
conductive contact of the capacitor to the first external

conductive contact.

20 3. The apparatus of claim 1 comprising a second conductive
path connecting the first portion of the first conductive

contact of the capacitor to a first external conductive

10



4. The apparatus of claim 1 conprising second conductive 5 paths
connecting in parallel the first portion of the first conductive contact of
the capacitor to a first external conductive contact exposeS?jNQQ% ond
surface of the package substantially parallel to the first face t he
package. 10wB.o2bhspsapparatus of claim 1l conprising a second poNASGd/i41ey
path connecting a first portion of a second conductive contact spanning a
second surface of the capacitor to a second external conductive contact
exposed at coh&atir skpdSegduaf ax esagforichewdekagef the smdmye surface. of the
capacitor being substantially parallel to the first surface of the
package. 6.subleaappaliyusandlicdlaitta Theodfprissi agr Secontt abrdpetckege. 20 pat hs
connecting in parallel a first portion of a second conductive contact
spanni ng a second surface of the capacitor to a second external conductive
contact exposed at the first surface of the package, the second surface of
the 11 21 SEP 2005 WO 02/ 078054 PCT/ US02/ 04144 capacitor being
substanti ald.y panal dgpatattidef idlstinsur camprabihespaniagenductive
5 paths connecting in parallel the first portion of the first

conductive contact of the capacitor to a first external

conductive contact exposed at a second surface of the

package substantially parallel to the first surface of the

package.
10

5. The apparatus of claim 1 comprising a second conductive
path connecting a first portion of a second condgctive
contact spanning a second surface of the capacitor to a
second external conductive contact exposed at the first

15 surface of the package, the second surface. of the capacitor
being substantially parallel to the first surface of the

package.

6. The apparatus of claim 1 comprising second conductive
20 paths connecting in parallel a first portion of a second

condﬁctive contact spanning a second surface of the

capacitor to a second external conductive contact exposed at

the first surface of the package, the second surface of the

11



7. The apparatus of claim1 conprising a second conductive 5&??#
connecting a first portion of a second conductive contact spa P28 cond
surface of the capacitor to a second external conductive contact exposed
at a second weurfoagos4 of the package substantially parallel topChasbr/oft
surface of the package, the second surface of the capacitor 10 being
opposite the first surface of the capacitor. 8. The apparatus of claim1l
conpri si ng segewcdtoondathygveubpmris. addmeerbhye] ntpart [f&lrsg surdacporti on
of a second conductive contact spanning a second surface of the 15

capaci tor tefathecpadkeyternal conductive contact exposed at a second
surface of the package substantially parallel to the first surface of the
package, the second surface of the capacitor being opposite the first
surface of the capacitor. 20 9. The apparatus of claim 1, the capacitor
conprising third and fourth surfaces substantially perpendicular to the
first and secondTher bppagathsthe dadacilt coppansivgch sk icondlicthee
capacitor having a second portion that covers at |least a part of the third
surface gf thercapasketeingnd fidsk WOrEGAc078654 2dcGiP dmctR&E US02/ 04144
third portion that covers at |east a part of the fourth surface of the

capacitor. contact spanning a second surface of the capacitor to a
second external conductive contact exposed at a second
surface of the package substantially parallel to the first

surface of the package, the second surface of the capacitor

10 being opposite the first surface of the capacitor.

8. The apparatus of claim 1 comprising second conductive
paths connecting in parallel a first portion of a second
conductive contact spanning a second surface of the

15 capacitor t§ a second external conductive contact exposed at
a second surface of the package substantially parallel to
the first surface of the package, the second surface of the

capacitor being opposite the first surface of the capacitor.

20 9. The apparatus of claim 1, the capacitor comprising
third and fourth surfaces substantially perpendicular to the
first and second surfaces of the capacitor, and each contact
of the capacitor having a second portion that covers at

least a part of the third surface of the capacitor and a
12



10. The apparatus of claim9 wherein the second and third 5 portions of
each contact of the capacitor respectively have a surface area |less than a
surface area of the first portion of the contact. 11. The app2t adgps ogph

claim1l whe{p®d pr/éfagsycapaci tor has an 10 industry standard fo ) iqq 12.
The apparatus of claim 1l wherein the capacitor conprises a n%??ﬁgﬁ%§@%4

ceram c chip capacitor. 15 13. An apparatus conprising: a package having a

first surfaggsra gheci@Vitvhtd cbivest gonmhicdd wepdire gentast rphoxh mate the
first surface of the package; a capacitor |ocated inside the package, the

capacitor 20 Rawingraifd ré&dpacqrducti ve contact exposed at a first surface
of the capacitor, a first portion of the first conductive contact spanning

a width of the first surface of the capacitor, the first surface of the
capacitor being 13 WD 02/078054 2 1 SEP 2005 PCT/US02/ 04144 substantially
parallel to the first surface of the package; and a first conductive path

connecting yhe f'rgm,éta;tppﬂd'&{b dfr ctibemf brvte LARUBET YEcERAt AR Ohitde
capacitor to the firs
5 portions of each contact of the capacitor respectively have

a surface area less than a surface area of the first portion

of the contact.

11. The apparatus of claim 1 wherein the capacitor has an

10 industry standard form factor.

12. The apparatus of claim 1 wherein the capacitor

comprises a multi-layer ceramic chip capacitor.

15 13. An apparatus comprising:
a package having a first surface;

a die having a first conductive die contact proximate

the first surface of the package;

a capacitor located inside the package, the capacitor
20 having a first conductive contact exposed at a first surface
of the capacitor, a first portion of the first conductive
contact spanning a width of the first surface of the

capacitor, the first surface of the capacitor being
13 :



5 conductive die contact. 14. The apparatus of claim 13 conprising first
conductive paths connecting in parallel the first portion of the first
conductive contact of the capacitor to the first conductive 210SgH @5

contact. 1{o dps@pparatus of claim 13 conprising a second. hi4g path
connecting the first portion of the first conductive contact of the

capacitor to a power supply. 15 16. The apparatus of claim 13 conprising

second C0“%HB&%&E&1&E¥J"§a%%ﬂQ%@tEegtha parat| ehrihee fof stheperaidkanepf the
first conductive contact of the capacitor to a power supply. 20 17. The

appar at-us g% claim 13 conprising a second conductive path connecting the
first portron of the first conductive contact of the capacitor to a first
external conductive contact exposed at a second surface of the 14 ¥D
02/ 078054 2 1 SEPEROM ROPUISGYEODPaLh FaBEREGEIRULERANEIRIYT PPEHEPI BF to the
first surface of the package. 18. The apparatus of claim 13 conprising a
second 5 ceohdutiive patducumeecontgcs Pir sheperPrehtof & ddorfdS¢onducti ve
contact spanning a width of a second surface of

5 conductive die contact.

14. The apparatus of claim 13 comprising first conductive
paths connecting in parallel the first portion of the first

conductive contact of the capacitor to the first conductive

10 die contact.

15. The apparatus of claim 13 comprising a second
conductive path connecting the first portion of the first

conductive contact of the capacitor to a power supply.

15

16. The apparatus of claim 13 comprising second conductive
paths connecting in parallel the first portion of the first

conductive contact of the capacitor to a power supply.

20 17. The apparatus of claim 13 comprising a second
conductive path connecting the first portion of the first
conductive contact of the capacitor to a first external

conductive contact exposed at a second surface of the

14



the capacitor to a second conductive contact of the die, exposed at the
first surface of the package, the second surface of the capgﬁftor bei ng
substantially parallel to the 10 first surface of the packag

appar at us Qjo @1/eu803413 conpri sing second conductive paths cECTAISOR/MMY+4 N
parallel a first portion of a second conductive contact spanning the w dth
of a second surface of 15 the capacitor to a second conductive contact of
the die, gseegd atbshentiakly suadaddelotot hbephtkageunieeeseéole surface
of the capacitor being substantially parallel to the first surface of the
package. 2Q,2%ag&he apparatus of claim 13 conprising a second conductive
path connecting a first portion of a second conductive contact spanning
the width of a second surface of the capacitor to a power supply, the
second surface of the 15 21 SEP 2005 WO 02/ 078054 PCT/ US02/ 04144 capacitor
being substantially parallel to the first surface of the package. 21. The
apparatus ofg cl ahe k3peeapis seénNgckeicond congudtine a bsgrairids connecting in
parallel a first portion of a second conductive contact spanning the w dth
of a seeond.gHHiicaGee0bathheosapecinpra tiiratpowetisuppf )5 sdvendecond surface

of the
conductive contact spanning a width of a second surface of
the capacitor to a second conductive contact of the die,
exposed at the first surface of the package, the second

surface of the capacitor being substantially parallel to the

10 first surface of the package.

19. The apparatus of claim 13 comprising second conductive
paths connecting in parallel a first portion of a second
conductive contact spanning the width of a second surface of
15 the capacitor to a second conductive contact of the die,
exposed at the first surface of the package, the second
surface of the capacitor being substantially parallel to the

first surface of the package.

70 20. The apparatus of claim 13 comprising a second
conductive path connecting a first portion of a seqond
conductive contact spanning the width of a second surface of

the capacitor to a power supply, the second surface of the

15



capaci tor being substantially parallel to the first surface of the
package. 10 22. The apparatus of claim 13 conprising a second conductive

path connecting a first portion of a second conductive cont ?tgﬁpg i ng
the width of a second surface of the capacitor to a second
conduct i vewoanloagnss 15 exposed at a second surface of the pagkp@€er/04144
substantially parallel to the first surface of the package. 23. The
apparatus of claim 13, the capacitor conprising third and fourth surfaces
subst ant i atdpadiaiqren@ieyl subkvahtiea Pl fharsl lahdts ecloadf it avefack t he
capacitor, and each contact of the capacitor having a second portion that
covers at of easd padkdlle.0f the third surface of the capacitor and a third
portion that covers at |least a part of the fourth surface of the
capacitor. 16 WO 02/ 078054 21 SEP 2005 PCT/US02/04144 24. The apparatus of
claim 23 wherein the second and third portions of each contact of the
capacitor respectively have a surface area |less than a surface area of the

first portpon ﬁu&faﬁld&era%@t 3¢t c125m . 1ThempRRaL Al USe 86nd| @bkt iwker ei n t he
first and second
5 paths connecting in parallel a first portion of a second
conductive contact spanning the width of a second surface of
the capacitor to a power supply, the second surface of the

capacitor being substantially parallel to the first surface

of the package.
10

22. The apparatus of claim 13 comprising a second
conductive path connecting a first portion of a second
conductive contact spanning the width of a second surface of
the capacitor to a second external conductive contact

15 exposed at a second surface of the package, substantially

parallel to the first surface of the package.

23. The apparatus of claim 13, the capacitor comprising
third and fourth surfaces substantially perpendicular to the
70 first and second surfaces of the capacitor, and each contact
of the capacitor having a second portion that covers at
least a part of the third surface of the capacitor and a
third portion that covers at least a part of the fourth

surface of the capacitor.
' 16



conductive contacts of the capacitor are connected to different voltages.
10 26. The apparatus of claim 13 conprising conductive contacts on the
first surface of the capacitor and conductive contacts on the second
surface of the capacitor, wherein sone of the contacts areégpgggc to a
first 15 vo tzﬁg and sone of the contacts are connected to S

vol tage. YO Y%%R78pbhar at us conprising: a package having a f P0G Hde: 20
a di e having conductive contacts exposed at the first surface of the
package; capacitors arranged side by side inside the package, each
capacitor having a first conductive contact exposed at 17 WD 02/ 078054 21
SEP 42= PCT/US02/ 04144 a first surface of the capacitor and a second
conducti ve4.comhechppapasesl @i dadecafdwbhepaii nes wefcane ehdt hkirdapaci tor,
each conductive contact on each capacitor having a respective first
portion thalrtspagsocd whadh hcaftddie offi ke Sapdcisroondspercitacelof hahe
capacitor, the first and second' surfaces of each capacitor being

subst anti & Isyirgacal kekat Dess than a surface area of the first portion

5 of the contact.

25. The apparatus of claim 13 wherein the first and second
conductive contacts of the capacitor are connected to

different voltages.

10

. 26. The apparatus of claim 13 comprising conductive
contacts on the first surface of the capacitor and
conductive contacts on the second surface of the capacitor,
wherein some of the contacts are connected to a first

15 voltage and some of the contacts are connected to a second

voltage.

27. BAn apparatus comprising:
a package having a first surface;

20 a die having conductive contacts exposed at the first
surface of the package;

capacitors arranged side by side inside the package,

each capacitor having a first conductive contact exposed at

17



the first surface of the package; and a first conductive path connecting
the first portion of the first conductive contact of each capacitor to at
| east 10 one of the conductive contacts on the die. 28. The apparatus of
claim 27 conprising a second conductive path connecting t he2fli 8&R 2008 tion
of the firsWORH#MI¢ti ve contact of each capacitor to a poverpcyigpthiisy ko
29. The apparatus of claim27 conprising a second conductive path
connecting the first portion of the second conductive contact of each
capacitor t® BHirsesurfave of the capadifer vandentsesiandofconkactiee 20 30.
The apparatus of claim 27 conprising a second conductive path connecting
the first pootiart efxpdsedsetondsecondugip el oprivediacef ofachecapacitor to a
power supply. 18

capacitor, each conductive contact on each capacitor having

a respective first portion that spans a width of the first
5 or second surface of the capacitor, the first and second
surfaces of each capacitor being substantially parallel to

the first surface of the package; and

a first conductive path connecting the first portion of
the first conductive contact of each capacitor to at least

10 one of the conductive contacts on the die.

28. The apparatus of claim 27 comprising a second
conductive path connecting the first portion of the first

conductive contact of each capacitor to a power supply.

15
29. The apparatus of claim 27 comprising a second.
conductive path connecting the first portion of the second
conductive contact of each capacitor to at least one of the
conductive contacts of the die.

20

30. The apparatus of claim 27 comprising a second
conductive path connecting the first portion of the second

conductive contact of each capacitor to a power supply.

18



